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POWER BOOSTING IN A WIRELESS COMMUNICATION 

SYSTEM 

Claim of Priority 

[0001] The present Application for Patent claims priority to the following applications 
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U.S. Provisional Patent Application No. 60/319,888, entitled, "Physical ARQ in a 
Wireless Communication System," filed January 21, 2003, 

U.S. Provisional Patent Application No. 60/319,889, entitled, "Physical ARQ in a 
Wireless Communication System," filed January 21, 2003, and 

U.S. Patent Application No. 10/140,087, entitled, "Method and Apparatus for 
Augmenting Physical Layer ARQ in a Wireless Data Communication System," filed 
May 6, 2002. 

Reference to Co-Pending Applications for Patent 
[0002] The present Application for Patent is related to the co-pending U.S. Patent 

Application entitled, "Reverse Rate Indicator Detection," having Attorney Docket No. 
030168U2, filed concurrently herewith. 

BACKGROUND 

Field 

[0003] The present invention relates generally to the field of data communications, and 

more particularly, to wireless data communications. 

Background 

[0004] In a data communication system, particularly a wireless data communication 

system, packets of data may be lost for various reasons, including poor channel 
conditions. The data communicated between two end users may pass through several 
layers of protocols for assuring proper flow of data through the system, where each 
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layer adds certain functionality to the delivery of the data packet from a source user to a 
destination user. The proper delivery of data in at least one aspect is assured through a 
system of checking for error in each packet of data, and automatically requesting a 
retransmission of the same packet of data (ARQ mechanism), if an error is detected in 
the received packet of data. Independent ARQ mechanisms may be employed at 
different protocol layers for flowing data between corresponding end users. The data 
packets are sequentially delivered from one protocol layer to another. The sequential 
delivery is performed by transferring a group of data packets at a time in a series of 
packets of data from one protocol layer to another. A group of data packets may not be 
transferred until the process for retransmission of the erased packets of data in the group 
in the lower protocol layer has been completed. The retransmission request for 
retransmitting an erased packet of data may be repeated several times or the 
retransmission may take several times until the erased packet of data is received 
correctly at the destination. As a result, the retransmission process at one protocol layer 
may slow down the flow of data between different protocol layers in the system. In the 
mean time, the higher layer protocol may prematurely request for retransmission of all 
the packets of data in the group including those received successfully at the lower layer, 
resulting in a very inefficient use of communication resources when flow of data from 
one protocol layer to another is slow. As such, minimizing the lower layer packet losses 
due to erasures over the air link is important as much as minimizing the delay of 
multiple retransmissions, in the event of a packet loss. Therefore, there is a tradeoff 
between the number of retransmission attempts by a lower layer protocol layer and the 
delay resulting from such retransmissions that must be considered in the ARQ 
mechanisms for end-to-end delivery of data packets. 
[0005] To this end as well as others, there is a need for a method and apparatus to 

efficiently control flow of data in a communication system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The features, objects, and advantages of the present invention will become more 
apparent from the detailed description set forth below when taken in conjunction with 
the drawings in which like reference characters identify correspondingly throughout and 
wherein: 
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[0007] FIG. 1 illustrates a communication system capable of operating in accordance 

with various embodiments of the invention. 
[0008] FIG, 2 illustrates the forward link channel structure in a wireless data 

communication system. 

[0009] FIG. 3 illustrates the reverse link channel structure in a wireless data 

communication system. 

[0010] FIG. 4 illustrates decoding of an acknowledgment channel data bit in accordance 

with various received energy thresholds. 
[0011] FIG. 5 illustrates a stack of protocol layers for controlling flow of data in a 

communication system. 

[0012] FIG. 6 illustrates a table for selecting a maximum number of allowed 

transmission slots for communication of a packet of data at a selected data rate. 

[0013] FIG. 7 illustrates early and normal terminations of transmitting a packet of data 

at the physical layer. 

[0014] FIG. 8 illustrates an exemplary flow of radio link protocol layer packets of data; 

[0015] FIG. 9 illustrates a flow diagram of various steps for determining an extra 

retransmission of a physical layer packet of data in accordance with various aspects of 

the invention; 

[0016] FIG. 10 illustrates a flow diagram of various steps for ignoring a radio link 

negative acknowledgment in accordance with various aspects of the invention; 
[0017] FIG. 11 illustrates a receiver system for receiving and decoding various 

channels, and capable of operating in accordance with various aspects of the invention; 
[0018] FIG. 12 illustrates a transmitter system for transmitting various channels, and 

capable of operating in accordance with various aspects of the invention; and 
[0019] FIG. 13 illustrates a transceiver system for receiving and transmitting various 

channels, and capable of operating in accordance with various aspects of the invention. 
[0020] FIG. 14 illustrates a method of control flow implementing power boosting. 

[0021] FIG. 15 is a layering architecture consistent with a communication system 

supporting High Rate Packet Data (HRPD) transmissions. 
[0022] FIG. 16 is a base station transceiver supporting one embodiment of the present 

invention. 

[0023] FIG. 17 is a channel structure in a wireless communication system. 

[0024] FIG. 18 illustrates use of different Walsh codes to identify each user on a 

feedback channel. 
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[0025] FIG. 19 is a scheme for providing multiple negative acknowledgments for a data 

packet wherein the negative acknowledgments are significant in a layer above the 
physical layer. 

[0026] FIG. 20 is an example of transmission of a packet of data. 

[0027] FIG. 21 illustrates incremental redundancy in transmission of subpackets. 

[0028] FIG. 22 is a table corresponding rate and payload information to RRI codes. 

[0029] FIG. 23 illustrates sequential transmission of RRI in timing diagram form. 

[0030] FIG. 24 illustrates a sequence detection window of subpackets in a transmission. 

[0031] FIG. 25 illustrates a sequence detection window of subpackets in a transmission. 

[0032] FIG. 26 is trellis diagram illustrating a method for decoding. 

[0033] FIG. 27 is a method for decoding in a system supporting incremental 

redundancy of subpacket transmissions. 



DETAILED DESCRIPTION 

[0034] The word "exemplary" is used herein to mean "serving as an example, instance, 

or illustration." Any embodiment described herein as "exemplary" is not necessarily to 
be construed as preferred or advantageous over other embodiments. 

[0035] An HDR subscriber station, referred to herein as an access terminal (AT), may 

be mobile or stationary, and may communicate with one or more HDR base stations, 
referred to herein as modem pool transceivers (MI^s). An access terminal transmits 
and receives data packets through one or more modem pool transceivers to an HDR 
base station controller, referred to herein as a modem pool controller (MFC). Modem 
pool transceivers and modem pool controllers. are parts of a network called an access 
network. An access network transports data packets between multiple access terminals. 
The access network may be further connected to additional networks outside the access 
network, such as a corporate intranet or the Internet, and may transport data packets 
between each access terminal and such outside networks. An access terminal that has 
established an active traffic channel connection with one or more modem pool 
transceivers is called an active access terminal, and is said to be in a traffic state. An 
access terminal that is in the process of establishing an active traffic channel connection 
with one or more modem pool transceivers is said to be in a connection setup state. An 
access terminal may be any data device that communicates through a wireless channel 
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or through a wired channel, for example using fiber optic or coaxial cables. An access 
terminal may further be any of a number of types of devices including but not limited to 
PC card, compact flash, external or internal modem, or wireless or wireline phone. The 
communication link through which the access terminal sends signals to the modem pool 
transceiver is called a reverse link. The communication link through which a modem 
pool transceiver sends signals to an access terminal is called a forward link. 

[0036] Generally stated, various aspects of the invention provide for efficient use of 

communication resources in a communication system by efficiently determining the 
need for one more transmission of a physical layer data packet on the forward link 
based on repeating the decoding of the previously received signal of the 
acknowledgment channel. Repeating the decoding process may involve use of different 
decoding thresholds. Subsequently, the retransmission of the physical layer packet may 
include use of temporal diversity. Various techniques of temporal transmission 
diversity are well known. One or more exemplary embodiments described herein are 
set forth in the context of a digital wireless data communication system. While use 
within this context is advantageous, different embodiments of the invention may be 
incorporated in different environments or configurations. In general, the various 
^ systems described herein may be formed using software-controlled processors, 
integrated circuits, or discrete logic. The data, instructions, commands, information, 
signals, symbols, and chips that may be referenced throughout the application are 
advantageously represented by voltages, currents, electromagnetic waves, magnetic 
fields or particles, optical fields or particles, or a combination thereof. In addition, the 
blocks shown in each block diagram may represent hardware or method steps. 

[0037] More specifically, various embodiments of the invention may be incorporated in 

a wireless communication system operating in accordance with the Code Division- 
Multiple Access (CDMA) technique which has been disclosed and described in various 
standards published by the Telecommunication Industry Association (TIA) and other 
standards organizations. Such standards include the TIA/EIA-95 standard, TIA/EIA-IS- 
2000 standard, IMT-2000 standard, UMTS and WCDMA standard. A system for 
communication of data is also detailed in the "TIA/EIA/IS-856 cdma2000 High Rate 
Packet Data Air Interface Specification." A copy of the standards may be obtained by 
writing to TIA, Standards and Technology Department, 2500 Wilson Boulevard, 
Arlington, VA 22201, United States of America. The standard generally identified as 
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UMTS standard, incorporated by reference herein, may be obtained by contacting 3GPP 
Support Office, 650 Route des Lucioles-Sophia Antipolis, Valbonne-France. 
[0038] FIG. 1 illustrates a general block diagram of a communication system 100 

capable of operating in accordance with any of the Code Division Multiple Access 
(CDMA) communication system standards while incorporating various embodiments of 
the invention. Communication system 100 may be for conmiunications of data, or data 
and voice. Generally, communication system 100 includes a base station 101 that 
provides communication links between a number of mobile stations, such as mobile 
stations 102-104, and between the mobile stations 102-104 and a public switch 
telephone and data network 105. The mobile stations in FIG. 1 may be referred to as 
data Access Terminals (AT) and the base station as data Access Network (AN) without 
departing from the main scope and various advantages of the invention. Base station 
101 may include a number of components, such as a base station controller and a base 
transceiver system. For simplicity, such components are not shown. Base station 101 
may be in communication with other base stations, for example base station 160. A 
mobile switching center (not shown) may control various ■ operating aspects of the 
communication system 100 and in relation to communications over a back-haul 199 
between network 105 and base stations 101 and 160. Base station 101 communicates 
with each mobile station that is in its coverage area via a forward link signal transmitted 
from base station 101. The forward link signals targeted for mobile stations 102-104 
may be summed to form a forward link signal 106. Each of the mobile stations 102-104 
receiving forward link signal 106 decodes the forward link signal 106 to extract the 
received information. Base station 160 may also communicate with the mobile stations 
that are in its coverage area via a forward link signal transmitted from base station 160. 
Mobile stations 102-104 communicate with base stations 101 and 160 via corresponding 
reverse links. Each reverse link is maintained by a reverse link signal, such as reverse 
link signals 107-109 for mobile stations 102-104, respectively. The reverse link signals 
107-109, although may be targeted for one base station, may be received at other base 
stations. 

[0039] Base stations 101 and 160 may be simultaneously communicating to a common 

mobile station. For example, mobile station 102 may be in close proximity of base 
stations 101 and 160, which can maintain communications with both base stations 101 
and 160. On the forward link, base station 101 transmits on forward link signal 106, 
and base station 160 on the forward link signal 161. On the reverse link, mobile station 
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102 transmits on reverse link signal 107 to be received by both base stations 101 and 
160. For transmitting a packet of data to mobile station 102, one of the base stations 
101 and 160 may be selected to transmit the packet of data to mobile station 102. On 
the reverse link, both base stations 101 and 160 may attempt to decode the traffic data 
transmission from the mobile station 102. The data rate and power level of the reverse 
and forward links may be maintained in accordance with the channel condition between 
the base station and the mobile station. The reverse link channel condition may not be 
the same as the forward link channel condition. The data rate and power level of the 
reverse link and forward link may be different. One ordinary skilled in the art may 
recognize that the amount of data communicated in a period of time varies in 
accordance with the communication data rate. A receiver may receive more data at high 
data rate than low data rate during the same period of time. Moreover, the rate of 
communications between the users may also change. A receiver may receive more data 
at high rate of communications than low rate of communications during the same period 
of time. Moreover, when communication of a packet of data takes more than one 
transmission, the effective amount of data communicated over a period of time is 
reduced. Therefore, the throughput of the communication between a mobile station and 
a base station may change from time to time based on the channel condition. In 
accordance with one or more aspects of the invention, efficient use of communication 
resources in communication system 100 may be made by determining the need for one 
more retransmission of a physical layer data packet, after being detected as a lost data 
packet, based on the throughput of the communication between the base station and the 
mobile station. 

[0040] In accordance with various aspects of the invention, in conmiunication system 

100, re-transmitting a lost packet of data at least one more time after detecting its loss is 
based on whether a determined throughput of a communication link between a source 
user and a destination user is above a throughput threshold. The source user may be a 
base station, such as base station 101 or 160, and the destination user may be any of the 
mobile stations 102-104. After establishing a forward link communication, loss of the 
packet of data may be detected by the mobile station. The throughput of the forward 
link communication may be determined in terms of the communication data rate, rate of 
communications, number of retransmissions used between the source user and the 
destination user, or any combination thereof. The retransmission may include use of 
transmission diversity. Moreover, the reception of the retransmission may include 



030168U1 
EV339074339US 



8 



receive diversity. When the throughput is above the threshold, the possibility of 
receiving the lost packet of data through the retransmission is higher due to a favorable 
throughput channel condition. Therefore, when the retransmission does not take place 
due to failure of the throughput for being above the threshold, the conmiunication 
resources are conserved by being used efficiently. Moreover, when the retransmission 
takes place, the delay in flow of data among various protocol layers is minimized by 
providing a timely successful reception of the lost packet of data during favorable 
throughput channel condition. 

[0041] FIG. 2 illustrates a forward channel structure 200 in accordance with an 

embodiment that may be used for the channel structure of the communications on the 
forward link. Forward channel structure 200 may include a pilot channel 201, a 
medium access control (MAC) channel 202, a traffic channel 203 and a control channel 
204. The MAC channel 202 may include a reverse activity channel 206 and a reverse 
power control channel 207. Reverse activity channel 206 is used to indicate the activity 
level on the reverse link. Reverse power control channel 207 is used to control the 
: power at which a mobile station can transmit on the reverse link. 

[0042] FIG. 3 illustrates, in accordance with an embodiment, a reverse channel structure 

300 that may be used for the channel structure of the communications on the reverse 
link. Reverse channel structure 300 includes an access channel 350 and a traffic 
channel 301. Access channel 350 includes a pilot channel 351 and a data channel 353. 
Traffic channel 301 includes a pilot channel 304, a MAC channel 303, an 
acknowledgment (ACK) channel 340 and a data channel 302. The MAC channel 303 
includes a reverse link data rate indicator channel 306 and a Data Rate Control (DRC) 
channel 305. Reverse Rate Indicator (RRI) channel 306 is used for indicating the rate at 
which a mobile station is currently transmitting. Data Rate Control (DRC) channel 305 
indicates a data rate that a mobile station is capable of receiving on the forward link. 
For example, the DRC value 0x3 may indicate the data rate 153.6 kbps. Moreover, the 
system may require a predefined and limited number of retransmissions of a physical 
layer packet of data that possibly can take place. For example, at the data rate 153.6 
kbps, the system allows up to 3 retransmissions of the same packet of^data after the 
initial transmission, resulting in a total of four transmissions. If the physical layer 
packet of data is not decoded properly after the initial transmission, as indicated by the 
ACK channel 340 in the reverse link, the transmitter may send the same packet of data 
one more time. The retransmission may continue up to three times. The transmitter 
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does not transmit the same packet of data more than four times, one initial time and 
three retransmissions, when the data rate is at 153.6 kbps. ACK channel 340 is used for 
conmiunicating whether a received physical layer data packet has been decoded 
successfully at a mobile station. When a packet of data is lost, even after the maximum 
allowed retransmissions, in accordance with various aspects of the invention, in 
communication system 100, re-transmitting the lost packet of data at least one more 
time may be based on whether a determined throughput of the communication link 
between the mobile station and serving base station is above a throughput threshold. 

[0043] ACK channel 340 is transmitted by a mobile station. Transmission on ACK 

channel 340 may indicate either a negative acknowledgment (NAK) or a positive 
acknowledgement (ACK). The mobile station may transmit a NAK message as 
indicated by a single NAK bit to the serving base station until a received physical layer 
data packet is successfully decoded. The physical layer data packet may be successfully 
decoded before the maximum number of allowed retransmissions. If a received packet 
of data is correctly decoded, the mobile station sends an ACK message as indicated by a 
single ACK bit on the ACK channel 340 to the serving base station. The ACK channel 
340 may use a Binary Phase Shift Keying (BPSK) modulation transmitting a positive 
modulation symbol for a positive acknowledgment and a negative modulation symbol 
for a negative acknowledgment. In a transmitter described in IS-856 standard, the 
ACK/NAK bit passes and repeats through a BPSK modulator. The BPSK modulator 
.modulates the ACK/NAK bit, and the resulting signal is Walsh covered in accordance 
with an assigned Walsh code. In one embodiment, the received signal of the ACK 
channel 340 may be compared against a positive and negative voltage threshold. If the 
received signal level meets the positive voltage threshold, an ACK message is 
considered received on the ACK channel 340. If the signal level meets the negative 
voltage threshold, a NAK message is considered received on the ACK channel 340. 

[0044] Referring to FIG. 4, decoding of ACK channel 340 may be illustrated. The 

resulting signal may be compared against a positive threshold 401 and a negative 
threshold 402. If the signal is above the positive threshold 401, an ACK bit is 
considered received on the ACK channel 340. If the signal is below the negative 
threshold 402, a NAK bit is considered received on the ACK channel 340. The positive 
and negative thresholds 401 and 402 may not be at the same level. As such, an erasure 
region 403 may be created between the positive and negative thresholds 401 and 402. If 
the resulting demodulated signal falls in the erasure region 403, the receiving base 
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station may not be able to determine whether an ACK or NAK bit has been transmitted 
from the mobile station on ACK channel 340. 
[0045] The ARQ mechanism may have a few problems when the received ACK 

channel 340 signal is in the erasure region 403. If the erasure is interpreted as an ACK, 
when in fact a NAK is transmitted from the mobile station, the base station stops 
transmitting the remaining number of allowed retransmissions of the physical layer data 
packet. As a result, the mobile station would not receive the physical layer packet of 
data and may rely on a retransmission mechanism of a higher level protocol layer, such 
as a Radio Link Protocol (RLP) layer, to recover the lost packet of data. However, the 
delay in receiving the packet of data and utilization of the communication resources are 
higher at the RLP layer than the physical protocol layer. One of the measured system 
qualities may be the certainty associated with proper and on time delivery of a data 
packet to a mobile station. To avoid such a problem, in one embodiment, the process of 
decoding the ACK channel may be biased toward detecting a NAK by interpreting an 
erasure as a NAK. If the mobile station in fact has transmitted an ACK and the serving 
base station detects an erasure, interpreting the erasure as a NAK allows the base station 
to continue the transmission of the physical layer data packet for at least one more time 
of the remaining number of times, when in fact any retransmission of the data packet is 
not necessary. Such a retransmission, even though may not be necessary, in fact may 
achieve efficient use of the communication resources with niinimal delay for delivery of 
data packets. 

[0046] The flow of data between two end points may be controlled via several protocol 

layers. An exemplary stack of the protocol layers 500 is shown in FIG. 5 for controlling 
flow of data between two end points. For example, one end point may be a source 
connected to Internet through the network 105. The other end point may be a data 
' processing unit such as a computer coupled to a mobile station or integrated in a mobile 
station. The protocol layers 500 may have several other layers or each layer may have 
several sub-layers. A detailed stack of protocol layers is not shown for simplicity. The 
stack of protocol layers 500 may be followed for flow of data in a data connection from 
one end point to another. At the top layer, a TCP layer 501 controls the TCP packets 
506. TCP packets 506 may be generated from a much larger application data 
message/packet. The application data may be partitioned into several TCP packets 506. 
The application data may include text message data, video data, picture data or voice 
data. The size of the TCP packets 506 may be different at different times. At the 
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Internet Protocol layer (IP) layer 502, a header is added to the TCP packets 506 to 
produce data packet 507. The header may include a destination address, among other 
fields, for proper routing of the packets to the appropriate destination node. At a point- 
to-point protocol (PPP) layer 503, PPP header and trailer data are added to data packet 
507 to produce data packet 508. The PPP data may identify the point-to-point 
connection addresses for proper routing of a packet of data from a source connection 
point to a destination connection point. The PPP layer 503 may pass data for more than 
one TCP layer protocol connected to different ports. 

[0047] A radio link protocol (RLP) layer 504 provides a mechanism for retransmission 

and recovery of data packets erased over the air. Although TCP has a retransmission 
scheme for reliable data transfer, the rate of losing packets of data over the air may 
result in overall poor TCP performance. Implementing an RLP mechanism at a lower 
-. layer effectively lowers the rate of losing TCP packets at the TCP level. At RLP layer 
504, the data packet 508 is divided into several RLP packets in a group of RLP packets 
509 A-N. Each RLP packet of the group of the RLP packets 509 A-N is processed 
independently and assigned a sequence number. The sequence number is added to the 
data in each RLP packet for identifying the RLP packet among the RLP packets in the 
group of the RLP packets 509A-N. One or more of the RLP packets in the group of the 
RLP packets 509 A-N is placed into a physical layer packet of data 510. A physical 
layer 505 controls the channel structure, frequency, power output, and modulation 
specification for data packet 510. The data packet 510 is transmitted over the air. The 
size of the payload of the packet of data 510 may vary depending on the rate of 
transmission. Therefore, the size of data packet 510 may be different from time to time 
based on the channel condition and the selected communication data rate. 

[0048] At a receiving destination, the physical layer data packet 510 is received and 

processed. The ACK channel 340 may be used for acknowledging success/failure in 
reception of physical layer data packet 510 transmitted from a base station to a mobile 
station. If the physical layer data packet 510 is received without error, the received 
packet 510 is passed on to RLP layer 504. The RLP layer 504 attempts to reassemble 
the RLP packets in the group of the RLP packets 509 A-N from the received packets of 
data. In order to reduce the packet error rate seen by TCP 501, the RLP layer 504 
implements an automatic retransmission request (ARQ) mechanism by requesting 
retransmission for the missing RLP packets. The RLP protocol re-assembles the group 
of the RLP packets 509 A-N to form a complete PPP packet 508. The process may take 
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some time to completely receive all the RLP packets in the group of the RLP packets 
509 A-N. Several physical layer data packets 510 may be needed to completely send all 
the RLP packets in the group of the RLP packets 509 A-N. When an RLP packet of data 
is received out of sequence, the RLP layer 504 sends an RLP negative 
acknowledgement (NAK) message on a signaling channel to the transmitting base 
station. In response, the transmitting base station retransmits the missing RLP data 
packet. 

[0049] Referring to FIG. 6, a table 600 depicts the DRC value of the DRC channel 305, 

the corresponding data rate, and the corresponding maximum number of allowed 
transmissions of a physical layer packet of data. For example, for the DRC value 0x3, 
the data rate is 153.6 kbps and the corresponding maximum number of allowed 
transmissions is four time slots. Transmission of a physical layer packet of data may 
have an early termination or a normal termination. With early termination, the physical 
layer packet of data has been decoded properly at the receiver and the transmitting 
. source has received an ACK message on the ACK channel 340 corresponding to the 
received physical layer packet of data. With normal termination, the transmitter has 
exhausted using all the allowed transmissions slots of the physical layer packet of data 
without receiving a corresponding ACK message on the ACK channel 340. 

[0050] Referring to FIG. 7, an early termination and normal termination for transmitting 

a physical layer packet of data are illustrated for the case of DRC value 0x3 
corresponding to 153.6 kbps data rate. For an early termination in transmission of a 
'physical layer packet of data for the case of DRC value 0x3 corresponding to 153.6 
Vkbps data rate, at a time slot 702 prior to the first transmission of the physical layer 
packet of data, a DRC value is received on the DRC channel 305. The DRC value is 
used to determine the communication data rate and the maximum number of allowed 
retransmissions for the physical layer packet of data. At time slot "n" of the time slots 
701, the first transmission of the physical layer packet of data may take place. During 
the next three time slots, "n+l, n+2, and n-i-3", the transmitter expects to receive an 
ACK or NAK on the ACK channel 340. Time slots 703 show that a NAK is received 
before the time slot "n+4". The first retransmission of the physical layer packet of data 
takes place during the time slot "n+4". The transmitter waits three more time slots to 
receive an ACK or NAK on the ACK channel 340. Time slots 703 show that a NAK is 
received before the time slot "n+8". The second retransmission of the physical layer 
packet of data takes place during the time slot "n+8". For data rate 153.6 kbps, the 
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transmitter is allowed to make one more transmission of the same physical layer packet 
of data. The transmitter waits three more time slots to receive an ACK or NAK 
message on the ACK channel 340. Before the time slot "n+12", an ACK message is 
received on the ACK channel 340. Therefore, the transmitter makes an early 
termination of the transmission of the physical layer packet of data before exhausting all 
the allowed transmission slots. The time slot "n+12" may be used for transmission of 
another physical layer packet of data. 
[0051] For a normal termination of transmitting a physical layer packet of data for the 

case of DRC value 0x3 corresponding to 153.6 kbps data rate, at a time slot 802 prior to 
the first transmission of the physical layer packet of data, a DRC value is received on 
the DRC channel 305. The DRC value is used to determine the communication data 
rate and the maximum number of allowed retransmissions for the physical layer packet 
of data. At time slot "n" of the time slots 801, the first transmission of the physical 
layer packet of data may take place. During the next three time slots, "n+1, n+2, and 
n+3", the transmitter expects to receive an ACK or NAK on the ACK channel 340. 
Time slots 803 may show that a NAK is received before the time slot "n+4". The first 
retransmission of the physical layer packet of data takes place during the time slot 
"n+4". The transmitter waits three more time slots to receive an ACK or NAK on the 
ACK channel 340. Time slots 803 may show that a NAK is received before the time 
slot "n+8". The second retransmission of the physical layer packet of data takes place 
during the time slot "n+8". For data rate 153.6 kbps, the transmitter is allowed to make 
one more transmission of the same physical layer packet of data. The transmitter waits 
three more time slots to receive an ACK or NAK on the ACK channel 340. Before the 
time slot "n+12", a NAK message is received on the ACK channel 340. Therefore, the 
transmitter makes the last allowed transmission of the physical layer packet of data on 
the time slot "n+12", and concludes the normal termination of transmitting the physical 
layer packet of data after exhausting all the allowed transmissions of the physical layer 
packet of data. 

[0052] Generally, the transmitter is not required to monitor the ACK channel 340 for 

detecting whether the last transmission has been received in either success or failure. 
The physical layer packet may not be successfully received at the mobile station 
following a normal termination. In this case, the re-assembly of RLP packets of data at 
the RLP layer 504 would not be complete. As a result, the Rl-P layer 504 makes a 
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request for retransmission of the RLP packet of data by sending an RLP NAK signaling 

message. 

[0053] In accordance with various aspects of the invention, after a normal termination 

of transmission of a physical layer packet of data, the base station may monitor the 
ACK channel 340 and if a NAK is received, it may repeat decoding the previously 
received signal of ACK channel 340 with adjusted ACK/NAK thresholds 401 and 402. 
The adjustments of the ACK/NAK thresholds 401 and 402 are made such that the 
decoding is biased toward detection of an ACK message. Such a bias may be created 
by treating the erasures as ACKs without changing the level of the NAK threshold 402 
from the previously used level or by selecting a different threshold altogether. 

[0054] Generally, an ARQ mechanism through the RLP layer takes some time, which 

includes the round trip delay between the mobile station and the base station as well as 
the processing delays. Referring to FIG. 8, a message flow 800 is shown to provide an 
exemplary flow of RLP packets of data. The RLP packets with sequence numbers "01" 
to "07" are sent from a source to a destination, for example. The source and destination 
may be, respectively, either a base station and a mobile station or a mobile station and a 
" base station. At the RLP layer 504, the RLP packets 509 A-N are accumulated to 
complete the packet 508. Once all the RLP packets are received, the RLP packets 
! 509A-N are passed on to a higher level. At the physical layer 505, the communication 
of the physical layer data packet 510 also includes an ARQ method through the use of 
the ACK channel 340. One or more RLP packets may be combined into a common 
payload and sent on one physical layer data packet 510. In the exemplary message flow 
800, the RLP packet identified as RLP packet "03", for example, does not get to the 
destination. The failure may be due to many factors including erasure on the radio link 
between the source and the destination. In this case, the normal termination of 
transmitting the physical layer packet of data that includes the RLP packet of data "03" 
may have taken place. After the destination receives RLP packet "04", the RLP layer 
504 detects an out of sequence reception of the RLP packets. The RLP layer 504 sends 
an RLP NAK message identifying RLP packet "03" as missing in the communication. 
The processing for detection of a missing RLP packet of data, the propagation of the 
RLP NAK message, and the subsequent RLP retransmission may take some time. The 
duration may be long enough to allow one quick retransmission of the physical layer of 
packet of data, beyond the maximum allowed number of retransmissions, for an earlier 
recovery. If this additional retransmission, in accordance with various aspects of the 
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invention, is successful before transmitting an RLP NAK message, the RLP NAK 
message may not be transmitted. 
[0055] When the RLP NAK message is transmitted, the RLP layer 504 starts a timer. 

The timer counts the lapsed amount of time since sending the RLP NAK message. If 
the timer expires, for example after 50Q msec, before receiving the missing RLP packet 
"03", the destination RLP 504 may assume that the retransmission of the missing RLP 
packet has failed. Once the missing RLP packet "03" is received, the timer terminates. 
The correctly received packets of data may be collected in a storage unit to form a group 
of packets of data. Therefore, the processing for detection and retransmission of a 
missing RLP packet of data may take some time. The duration may be sufficiently long 
so as to allow one more retransmission of the physical layer of packet of data beyond 
the maximum allowed number of retransmissions. If this additional retransmission is 
successful before expiration of the timer, the timer may terminate due to receiving the 
retransmission of the physical layer packet of data successfully. It is possible that the 
RLP NAK message was sent before the extra physical layer retransmission was 
successfully received. In such a case either the base station may choose to ignore the 
received RLP NAK message or it may perform the RLP retransmission of the missing 
packet, which will be discarded as a duplicate at the mobile station. It is possible that 
the extra physical layer retransmission may end in a failed normal termination. In this 
case, the usual RLP retransmission mechanism may provide the recovery of the lost 
packet, 

[0056] FIG. 9 illustrates a method 900 for an ARQ mechanism. At step 901, the 

transmitter may determine the DRC value for transmission of a physical layer packet of 
data. The DRC value may be determined by decoding the DRC channel 305. At step 
902, the maximum number of time slots allowed for transmission of the physical layer 
packet of data may be determined by referring to table 600 in FIG. 6. At step 903, the 
transmitter may detect a normal termination of the transmission of the physical layer 
packet of data over the maximum number of allowed time slots without receiving a 
subsequent ACK on the ACK channel 340. At step 905, the ACK and NAK thresholds 
401 and 402 may be adjusted to bias towards detection of an ACK message. At step 
906, the signal of the previously received ACK channel 340 is re-decoded using the 
adjusted thresholds to determine the bit on the ACK channel 340. If the re-decoding 
produces a NAK bit, the physical layer packet of data is transmitted one more round, at 
step 907. This additional round of transmissions includes a number of transmissions up 
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to maximum allowed slots according to table 600 in FIG. 6 depending on the requested 
DRC at the time of start of retransmission. At this time, the transmitter may determine a 
new DRC value by decoding the DRC channel 305 to determine the maximum number 
of time slots allowed for transmission of the physical layer packet of data. The channel 
condition may have changed during the process. The new round of transmissions may 
begin after some delay. The delay may be necessary to allow a de-correlation in the 
channel condition. When the de-correlation of the channel condition takes place, the 
probability that the transmission of physical packet of data is successful is higher. The 
new round of transmissions may be in accordance of a newly received DRC value; thus, 
the number of allowed retransmissions may be different in this round of transmissions. 
At step 910, the next physical layer packet of data is transmitted. The last 
retransmission at step 907 may arrive and be decoded at the destination properly, and 
possibly eliminating a need for re -transmitting an RLP packet of data. As such, a 

. delayed ARQ (DARQ) at the physical layer is very helpful for efficient communications 
of data. Channel correlation simply means that if a packet got erased in a slot, it is quite 
likely that it would get erased again if it were retransmitted immediately. This is 

f particularly a concern in slow fading channel conditions. Thus, it is necessary to 
temporally de-correlate the retransmission from the lost transmission. This implies that 
the retransmission should occur at the earliest time that allows sufficient channel de- 
correlation following the lost transmission. The "Delayed ARQ (DARQy is, therefore, 
used. Simulation studies indicate that a delay of 10 to 20 msec is sufficient, while other 

' delayed tinie periods are also possible, meets the requirements. 
[0057]' DARQ in accordance with various aspects of the invention may result in 

significant performance gains for high throughput users under some traffic conditions. 
The interactions between TCP and the lower layers in a system may result in significant 
throughput loss for some users under typical (1% packet error rate (PER)) operating 
conditions. This loss can be attributed to several factors. A forward link loss leading to 
a RLP retransmission causes a delay in the receipt of the TCP segment affected by the 
loss, as well as the subsequent TCP segments which were received, but could not be 
delivered immediately due to the sequential delivery requirement of RLP. This would 
delay the generation of TCP ACK at the receiver. When the lost packet is recovered 
due to RLP retransmission, a burst of packets would be delivered to the TCP layer, 
which would in turn generate a burst of TCP ACK, which may temporarily overload the 
reverse link. The end result is that the TCP sender may time out, and thus causing a 
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retransmission of packets, which have been successfully received in the first place. 
Moreover, the congestion window at the TCP sender is reduced to its slow start value 
(typically one TCP segment) and can take some time to recover before a steady flow of 
packets can be achieved which may lead to "starvation" of the forward link. 
[0058] The problems described above can be alleviated to a great degree, if an extra 

physical layer retransmission is performed on the forward link fairly quickly according 
to various embodiments. The extra retransmission provides additional robustness. The 
quickness of the retransmission will help in reducing the delay thus possibly eliminating 
the TCP. sender timeout. Moreover, the quick retransmission will reduce the delay 
variability seen by the TCP sender, which may lead to improved performance. There 
are other by-products of such a scheme such as in the case when the last byte in a 
forward link transmission gets lost. Since this won't generate a NAK from the mobile, 
the base station maintains a flush timer to cause a forced retransmission. DARQ would 
result in an automatic retransmission in this case, and a flush timer may not be 
necessary. 

[0059] Various aspects of the invention may be useful under many different system 

conditions, including high throughput condition. The high throughput condition occurs 
when the channel condition is very favorable for low error rate communications and 
possibly there are few users in the system. The additional retransmission may provide 
^more gains' for high throughput users than low throughput users. For low throughput 
users, it may result in extra overhead without any benefit. Therefore, to add an 
additional layer of control for various aspects of the invention, after step 903 and before 
step 905i the transmitter may determine the throughput of the user receiving the 
communiciation. If the throughput is above a throughput threshold, the process moves 
to step 905 to prepare for deciding whether one additional retransmission of the physical 
layer packet of data may take place. 

[0060] After normal termination of transmitting the physical layer packet of data and 

before completing the extra transmission of the physical layer packet of data, the RLP 
layer 504 may start and transmit a RLP NAK message. If the RLP NAK message 
arrives along with an ACK indication on the ACK channel 340 for proper reception of 
the extra transmission made after the normal termination, the RLP NAK may be ignored 
in accordance with various aspects of the invention. Various aspects of the invention 
may be more apparent by referring to flow diagram 1010 shown in FIG. 10. At step 
101 1, an ACK on the ACK channel 340 is received. The ACK is related to the physical 
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layer packet of data retransmitted after the failed normal termination of the first 
transmission. At step 1012, a RLP NAK message may also be received. The RLP 
NAK message may be associated with an RLP packet of data that was included in the 
physical layer packet of data. Such a detection may be made at step 1013. At step 
1014, the received RLP NAK message may be ignored and the controller may consider 
the RLP packet of data received properly at the destination based on the received ACK 
bit on the ACK channel 340. The mobile station may delay transmitting the RLP NAK 
message after detecting that the last transmission of the physical layer packet of data 
should have taken place, and while not receiving the last transmission. 

[0061] FIG. 11 illustrates a block diagram of a receiver 1200 used for processing and 

demodulating the received CDMA signal. Receiver 1200 may be used for decoding the 
information on the reverse and forward links signals. Received (Rx) samples may be 
stored in RAM 1204. Receive samples are generated by a radio frequency/intermediate 
frequency (RF/LF) system 1290 and an antenna system 1292. The RF/IF system 1290 
and antenna system 1292 may include one or more components for receiving multiple 
signals and RF/IF processing of the received signals for taking advantage of the receive 
diversity gain. Multiple received signals propagated through different propagation 
paths may be from a common source. Antenna system 1292 receives the RF signals, 
and passes the RF signals to RF/IF system 1290. RF/IF system 1290 may be any 
" conventional RF/IF receiver. The received RF signals are filtered, down-converted and 
digitized to form RX samples at base band frequencies. The samples are supplied to a 
demultiplexer (demux) 1202. The output of demux 1202 is supplied to a searcher unit 
1206 and finger elements 1208. A control unit 410 is coupled thereto. A combiner 
1212 couples a decoder 1214 to finger elements 1208. Control system 1210 may be a 
microprocessor controlled by software, and may be located on the same integrated 
circuit or on a separate integrated circuit. The decoding function in decoder 1214 may 
be in accordance with a turbo decoder or any other suitable decoding algorithms. 

[0062] During operation, received samples are supplied to demux 1202. Demux 1202 

supplies the samples to searcher unit 1206 and finger elements 408. Control system 
1210 configures finger elements 1208 to perform demodulation and despreading of the 
received signal at different time offsets based on search results from searcher unit 1206. 
The results of the demodulation are combined and passed to decoder 1214. Decoder 
1214 decodes the data and outputs the decoded data. Despreading of the channels is 
performed by multiplying the received samples with the complex conjugate of the PN 
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sequence and assigned Walsh function at a single timing hypothesis and digitally 
filtering the resulting samples, often with an integrate and dump accumulator circuit 
(not shown). Such a technique is commonly known in the art. Receiver 1200 may be 
used in a receiver portion of base stations 101 and 160 for processing the received 
reverse link signals from the mobile stations, and in a receiver portion of any of the 
mobile stations for processing the received forward link signals. 

[0063] FIG. 12 illustrates a block diagram of a transmitter 1300 for transmitting the 

reverse and forward link signals. The channel data for transmission are input to a 
modulator 1301 for modulation. The modulation may be according to any of the 
commonly known modulation techniques such as QAM, PSK or BPSK. The data is 
encoded at a data rate in modulator 1301. The data rate may be selected by a data rate 
and power level selector 1303. The data rate selection may be based on feedback 
information received from a receiving destination. The receiving destination may be a 
mobile station or a base station. The feedback information may include the maximum 
allowed data rate. The maximum allowed data rate may be determined in accordance 
with various commonly known algorithms. The maximum allowed data rate very often 
is based on the channel condition, among other considered factors. The data rate and 
power level selector 1303 accordingly selects the data rate in modulator 1301. The 
; output of modulator 1301 passes through a signal spreading operation and amplified in a 
block 1302 for transmission from an antenna 1304. The data rate and power level 
selector 1303 also selects a power level for the amplification level of the transmitted 
. signal in accordance with the feedback information. The combination of the selected 
data rate and the power level allows proper decoding of the transmitted data at the 
receiving destination. A pilot signal is also generated in a block 1307. The pilot signal 
is amplified to an appropriate level in block 1307. The pilot signal power level may be 
in accordance with the channel condition at the receiving destination. The pilot signal is 
- combined with the channel signal in a combiner 1308. The combined signal may be 
amplified in an amplifier 1309 and transmitted from antenna 1304. The antenna 1304 
may be in any number of combinations including antenna arrays and multiple input 
multiple output configurations. 

[0064] FIG. 13 depicts a general diagram of a transceiver system 1400 for incorporating 

receiver 1200 and transmitter 1300 for maintaining a communication link with a 
destination. The transceiver 1400 may be incorporated in a mobile station or a base 
station. A processor 1401 may be coupled to receiver 1200 and transmitter 1300 to 
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process the received and transmitted data. Various aspects of the receiver 1200 and 
transmitter 1300 may be common, even though receiver 1200 and transmitter 1300 are 
shown separately. In one aspect, receiver 1200 and transmitter 1300 may share a 
common local oscillator and a common antenna system for RF/IF receiving and 
transmitting. Transmitter 1300 receives the data for transmission on input 1405. 
Transmit data processing block 1403 prepares the data for transmission on a transmit 
channel. Received data, after being decoded in decoder 1214, are received at processor 
1401 at an input 1404. Received data are processed in received data processing block 
.1402 in processor 1401. The processing of the received data generally includes 
checking for error in the received packets of data. For example, if a received packet of 
data has error at an unacceptable level, the received data processing block 1402 sends an 
instruction to transmit data processing block 1403 for making a request for 
retransmission of the packet of data. The request is transmitted on a transmit channel. 
Various channels, such as the ACK channel 340, may be used for the retransmission 
process. As such, the control system 1210 and processor 1401 may be used for 
performing various aspects of the invention including various steps described in relation 
to flow diagrams 900. A receive data storage unit 1480 may be utilized to store the 
received packets of data. Various operations of processor 1401 may be integrated in a 
• single or multiple processing units. The transceiver 1400 may be connected to another 
device. The transceiver 1400 may be an integral part of the device. The device may be 
a computer or operates similar to a computer. The device may be connected to a data 
network, such as Internet. In case of incorporating the transceiver 1400 in a base 
station, the base station through several connections may be connected to a network, 
such as Internet. 

[0065] For a communication system incorporating a hybrid ARQ mechanism using 

incremental redundancy, the data generated by a source may be presented as a sequence 
of physical-layer packets. At the source, each physical-layer packet is encoded into a 
finite number of subpackets in such a way that the destination (i.e., receiver) of the 
packet may potentially decode a packet without receiving all the sub-packets. Note the 
finite number of subpackets may not be distinct. In one scenario, different subpackets 
may actually be copies of each other. This is done when each subpacket contains 
symbols encoded at a sufficiently low code rate. In another scenario, a given subpacket 
may contain symbols encoded at a high code rate, wherein different subpackets contain 
different encoded symbols. In this scenario, the combination of multiple subpackets 
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leads to a lower code rate than the code rate of any single subpacket. In particular, the 
packet may be encoded by a single channel code of sufficiently low rate and the output 
of the encoder may be split into multiple, redundant fragments. Some fragments may be 
discarded and others may be replicated to generate the required number of subpackets. 
In this way, the packet data is sent in installments. 
[0066] According to one embodiment implementing a hybrid ARQ mechanism, 

physical layer packets installments are each slightly different, such as wherein 
systematic bits are consistent but parity bits may be different. At the destination or 
receiver, the installments of packets are then decoded as a combination. This is in 
contrast to a simple ARQ scheme, wherein previously received packets are discarded 
and not considered in decoding the currently received packet. A maximum number of 
installments is allowed. The system also implements power control which seeks to 
control the transmit power so as to maintain the Packet Error Rate (PER) after the 

maximum number of installments at a maximum allowable percent. In one embodiment 

r 

the PER target is 1%. 

[0067] It is a desire of high rate packet data systems, such as the IxEV-DO and/or 

IxEV-DV systems, such as specified by cdma2000 and identified by 3GPP2, to 
maximize data rate and thus throughput while maintaining the PER below or equal to a 
PER target value. Additionally, there is a desire to reduce the latency in transmission of 
data packets. 

[0068] According to one embodiment, the system attempts to achieve the PER using 

less installments. In this way, the transmit power of the early installments is increased 
so as to promote reception of the systematic bits as early as possible. This mechanism 
is referred to as power-boosting. For example, for a case wherein 4 installments are 
allowed, and a 1% PER specified, the system may power boost the first 2 installments 
and ignore any NAK after that. In other words, if the transmission is not successfully 
received on the power boosted installments, no further installments are transmitted, 
although the time allocated for maximum number of installments may be reserved for 
this packet installment. Note that the maximum number of installments corresponds to 
a maximum number of slots used for transmission of the installments. 

[0069] When the power boost is not successful, the retransmission is not handled 

further at the physical layer processing, but is handled at a higher processing layer. For 
example, voice communications may be lost, as latency does not allow extended or 
delayed retransmission. The higher layer may determine to resend a latency tolerant 
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transmission by implementing power boosting again. In one case, the higher layer, such 
as the Medium Access Control (MAC) layer, may resend the installment at a later time 
or may reconfigure the data and repackage with other data. Note the MAC layer in 
particular monitors processing of packets in a system. The MAC layer may resend later 
at a higher transmission rate in combination with other data. In this sense, a higher rate 
may refer to power boosted early slots, or the different coding and/or modulation. 

[0070] Note that when the transmission is successfully received on the power boosted 

installments, the system may use the next slot to begin transmission of the next packet. 
Alternatively, the system may reserve these slot(s) for the current packet and wait the 
transmission of the next packet until after expiration of the maximum allowable time 
slots. Additionally note that a packet is typically distributed into multiple subpackets. 
The concepts described herein are applicable to transmission of a subpacket as well as 
transmission of a packet. The installments may be for transmission of a subpacket or 
transmission of a packet. 

[0071] The source of the physical-layer packet transmits one subpacket at a time on the 

primary channel, and waits for the destination to send a physical-layer ACK/NAK on 
the feedback channel, before sending the next subpacket. The destination sends a 
physical-layer ACK for the packet if it successfully decodes the packet with the help of 
the subpackets received so far. The destination sends a physical-layer NAK for the 
packet otherwise. (Not sending anything on the feedback channel may be interpreted 
either as a ACK or NAK, depending on the convention agreed upon by the two 
communication end-points.) Generally, the destination sends a physical-layer 
ACK/NAK as quickly as possible, following the reception of a subpacket. 

[0072] If the source detects an ACK on the feedback channel, it may discard all the 

remaining subpackets of the corresponding packet, and may transmit the first subpacket 
or another physical-layer packet on the primary channel. If the source detects a NAK 
on the feedback channel, the source transmits any unsent subpacket of the same packet, 
on the primary channel. If the source detects a NAK but has no more subpackets to 
send, the source declares a transmission failure and proceeds to send subpackets of 
another physical-layer packet. 

[0073] Hybrid ARQ is typically used to combat unpredictable channel variations during 

the transmission of a packet, as is typical in wireless communications. In such a system, 
the source may be power controlled by the destination, so that the subpackets are 
received with the minimum power needed to achieve a (low-enough) target decoding 
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failure rate, after all the subpackets of the physical layer packet have been transmitted. 
The destination uses the feedback channel to issue power control commands to the 
source, based on the quality of the primary channel as measured by the destination, as 
well as the packet decoding failure rate after the last subpacket has been received. 
[0074] Typically, the packet is decoded by the receiver well before the last subpacket is 

sent. The hybrid ARQ scheme allows efficient transmission of data on an 
unpredictable, time-varying channel, with just enough power and just enough 
redundancy, required for reliable delivery at the destination. 

Power Boost Technique 

[0075] The worst case latency or transmission delay in an ARQ-based system is 

typically defined as the time required to receive the last subpacket of a given packet at 
' the destination. For some applications, such as real-time applications, the worst case 
ARQ-induced delay may be unacceptable, compromising the quality of the user 
experience. It is desirable to reduce the worst-case latency for delay-sensitive 
application, without causing undue burden or interference to the operation of power 
control in the system. Generally, the source is aware of the delay-tolerance of the 
packet prior to transmission. 

[0076] Generally, the source transmits the packet at the power prescribed by power 

control operation for delay-tolerant packets, which may withstand the worst case ARQ 
delay. Alternate processing may be applied to delay-sensitive packets. When the 
source wants to send a delay-sensitive packet, the source may power boost a portion of 
the subpackets. In one example, a delay-sensitive packet contains N subpackets, 
wherein the delay-sensitive packet may only tolerate latency associated with the 
transmission of at most M subpackets, wherein M<N. In this case, the source transmits 
the subpackets associated with the delay sensitive packet using a boosted power-level 
relative to the power-level prescribed by power control. Pi is the transmit power 
applied to the ith sub-packet as prescribed by the power control commands. The source 
may actually send the ith subpacket, wherein i is an integer less than or equal to M, at a 
boosted power level Gi * Pi, wherein Gi represents the power-boost factor of the ith 
subpacket. The ith subpacket is transmitted only if the source detects a NAK from the 
destination after the (i-l)th subpacket has been transmitted. If the source detects a NAK 
after the Mth subpacket has been transmitted, the source simply declares a transmission 
failure and moves on to the next physical-layer packet. 
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[0077] The power-boost factors Gi, for i=l to M, is chosen appropriately such that the 

probability of a decode failure subsequent to transmission of the first M subpackets is 
equal to the power control target. Given that the power control ensures satisfactory 
reception of the packet after the transmission of N subpackets, the system determines 
(for example, through simulation) the power-boost values Gi that ensure (the same 
level) satisfactory reception after the transmission of just M subpackets. In particular, 
the system may use a common power boost value, wherein GI is equal to G2 is equal to 
GM, etc., that achieves the desired objective. To the first order G is set to a nominal 
value Gnom = (N/M), wherein N divided by M is greater than or equal to one, is a 
reasonable choice for low data rate (or low spectral efficiency) transmission over static 
or fast fading channels. Here, a first order value may be an ideal value or a value 
calculated using a simplistic system model. In practice, the power boost value may be 
somewhat larger than the above nominal value to, compensate for losses due to coding 
gain and time diversity. 

[0078] By applying a well-chosen set of power-boost factors, the source of the packet 

can unilaterally control the worst-case transmission latency of a physical-layer packet, 
■without impacting the effectiveness of power control or the reliability of packet 
transmission. Using an average power boost in excess of: 

^ Gnom = ( N/M) (1) 
may result in a (small) loss in coverage and/or system capacity, which reflects the price 
. paid to minimize transmission latency on a noisy, time-varying channel. The power 
boost factors may be calculated empirically. For a static channel if the number of power 
boost installments is reduced to half the maximum number of installments, then the 
transmit power may be doubled in the power boost installments. By reducing the 
number of installments necessary for transmission of a subpacket, the effective data rate 
is increased significantly. 

[0079] FIG. 14 illustrates a power boost mechanism performed at a transmission source 

according to one embodiment. The method 2000 starts when a data packet is prepared 
for transmission. The data packet includes a plurality of subpackets. The source 
determines the latency tolerance of the packet at step 2002. The latency tolerance 
information is used to determine the power boosting scenario, including number of 
installments to power boost as well as the power boost factors. At step 2004, the source 
determines a maximum number installments for the subpacket. The source then 
determines a number of slots for application of power boosting at step 2006. The source 
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also determines the power boost factor for each of those installments. As each 
installment is transmitted in a slot, the power boost factor may be considered as applied 
to an installment in a given slot. Note that the power boost factor Gi applied to each of 
the individual installments i may have a different value. In one embodiment, a common 
power boost factor is applied to each installment. 
[0080] If a negative acknowledgement or NAK corresponding to the transmitted power 

boosted subpacket is received at decision diamond 2014, processing continues step 2020 
to determine if the power boost limit is satisfied, i.e., has the maximum number of slots 
been power boosted. If the power boost limit has not been satisfied, then processing 
continues to step 2012 to power boost the current subpacket. When the power boost 
limit is satisfied at step 202, then processing continues to step 2010 to initiate 
transmission of a next successive packet. Note that when the power boost limit is 
satisfied, one embodiment begins transmission of the next successive packet on the next 
slot. An alternate embodiment allows does not transmit on remaining slots, but allows 
the slot used for the maximum number of installments before transmitting the next 
successive packet. When an ACK is received at step 2014, processing continues to step 
2010 to initiate transmission of a next subpacket. The next subpacket is not necessarily 
a next successive packet. See the example of subpacket transmissions illustrated in 
FIG. 8. In yet another embodiment, one or more bits in the packet are used to indicate 
the intended number of installments for the transmission of the packet. In this case, if 
the source receives a NAK after the transmission of the intended number of subpackets, 
the source transmits the remaining subpackets, until an ACK is received, or until all N 
subpackets have been transmitted. In this case, the source may transmit the additional 
subpackets (subpacket M+1, M+2, ...) at the nominal gain, as opposed to the power 
boosted gain. Once the destination decodes the packet, the destination discovers the 
intended termination target of the packet, and adjusts the power control loop 
accordingly. 

[0081] The ACK and NAK for each subpacket identify the corresponding subpacket. 

Between transmission of the current power boosted subpacket and receipt of the NAK, 
the source may transmit another subpacket. In this case, when a NAK is received for 
subpacket /, the subpacket (i+l) may have been transmitted. In this way, transmission 
and receipt of the subpackets may not occur in sequence. The receiver is adapted to 
store each of the subpackets until completion of all installments of a packet are 
completed. The receiver then reassembles the packet. Note that the source waits a 
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given number of time slots for the ACK or NAK. If no ACK or NAK is received, the 
source may assume an ACK or a NAK. Typically, the source will assume a NAK, and 
retransmit the subpacket or initiate higher layer processing if the source has exceeded a 
maximum number of allowable retransmissions. When a maximum number of 
allowable retransmissions is used without successful receipt by the destination, the 
source passes processing of the subpacket to higher layer processing, wherein the source 
determines appropriate action based on the type of data. 

- MAC-Laver ARO 

[0082] As discussed hereinabove, in some situations, the retransmissions are handled by 

a higher layer processing. The higher layer may resend at a later time and may 
reconfigure the data by repackaging with other packets. The higher layer used for this 
/ processing may depend on the architecture of the layering, A layering architecture 2050 
for a communication system supporting High Rate Packet Data (HRPD) consistent with 
cdma2000, and as specified in IS-856, is illustrated as an example in FIG. 15. The stack 
2050 includes layers: application layer 2052; stream/session layer 2054; connection 
layer 2056; security layer 2058; MAC layer 2060; and physical layer 2062. Application 
layer 2052 provides multiple applications, including a default signaling application for 
transporting air interface protocol messages. The stream/session layer 2054 provides 
multiplexing of distinct application stream and provides address management, protocol 
negotiation, protocol configuration and state maintenance services. The connection 
layer 2056 provides air link connection establishment and maintenance services. The 
security layer 2058 provides authentication and encryption services. The MAC layer 
2060 is the Medium Access Control Layer and defines the procedures used to receive 
and to transmit over the Physical Layer. The physical layer 2062 provides the channel 
structure, frequency, power output, modulation, and encoding specifications for the 
Forward and Reverse Channels. Each layer may contain one or more protocols. 
Protocols use signaling messages or headers to convey information to their peer entity at 
the other side of the air-link. 

[0083] The MAC layer monitors the processing of each packet. The MAC layer may be 

the higher layer reprocessing. A physical layer packet may consist of multiple MAC- 
layer packets, generated by different applications. Whenever a physical layer packet is 
not successfully decoded at the destination (for example, when the packet is not 
decoded even after reception of all sub-packets), then all the MAC-layer packets 
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embedded in the physical layer packet are lost. Some MAC-layer packets may be quite 
- delay-tolerant, but at the same time, highly error-sensitive, requiring a loss rate much 
less than the target decoder error rate employed by the hybrid-ARQ and power control 
schemes. Data generated by applications, such as File Transfer Protocol (FTP), which 
use the Transmission Control Protocol (TCP) transport layer protocol are examples of 
such error-sensitive packets. There is a need for a mechanism to reduce the effective 
loss rate of error-sensitive MAC packets beyond the decoder failure rate provided by the 
ARQ scheme. 

[0084] If a physical-layer packet fails to decode even after all subpackets have been 

transmitted, the source may detect the loss of the packet from the physical-layer NAK 
message received from the feedback channel, after the last subpacket is transmitted on 
the primary channel. If a lost physical-layer packet contains one or more error sensitive 
MAC-packets, then these error-sensitive MAC-packets are reinserted into the 
transmission queue at the MAC layer. Eventually, these MAC-layer packets are 
embedded into new physical layer packets, and are transmitted using a hybrid ARQ 
'scheme. 

[0085]/ In other words, the physical-layer NAK message for the last subpacket 

transmission is interpreted as an abstract MAC-layer NAK message, for all the error- 
sensitive MAC-packet embedded in the physical-layer packet. The NAK for the last 
subpacket is effectively a NAK for the entire physical layer packet. At the MAC layer, 
this is interpreted as a NAK for all the MAC payload contained in the physical layer 
packet. Note also that the composition of the new physical-layer packet containing 
these re-inserted MAC-packets may be different from that of the physical-layer packet 
that was used to send the MAC-packets in the previous attempt. The entire packet or a 
part of that packet may be reconfigured and retransmitted. Parts of the packet that 
contain delay sensitive information need not to be retransmitted. Note that *'part of the 
packet" is not the same thing as a subpacket. The physical layer packet contains data 
from different applications. A "part of the packet" refers to data from one such 
application. The different "subpackets" of the same packet contain the same data, 
encoded in different ways. It is not necessarily the case that each subpacket contains a 
small part of the physical layer packet. Data from different applications are not 
distinguished from one another at the physical layer. Such distinction is generally made 
at the MAC layer or higher. 



030168U1 * ' 28 

EV339074339US 

[0086] While reinserting MAC-packets into the transmission queue, the source 

maintains a minimum delay or wait time prior to retransmission of the data in a physical 
layer packet. The delay allows the channel to recover from any deep fade, which is 
most likely the reason for failure of the earlier transmission of the packet, in spite of a ^ 
fairly elaborate and efficient hybrid ARQ scheme. The additional time diversity 
resulting from this deliberately induced delay increases the effectiveness of MAC-layer 
retransmission, providing a highly robust mechanism for transmitting error-sensitive, 
delay-tolerant data. 

[0087] Improving the reliability of the physical-layer ARQ messages, in particular the 

ARQ message associated with the last subpacket, is a goal of system design. Here the 
final installment of the packet is the last subpacket. The Reverse Link (RL) feedback 
channel used to transmit the physical-layer ACK/NAK messages is generally designed 
to be reliable so as to support the target decoder failure rates. However, the physical- 
layer NAK after the last subpacket transmission may be used as an implicit MAC-layer 
NAK, which in turn is used to improve the performance of very error-sensitive data. 
The MAC layer ARQ is generally used to achieve an error rate much smaller than the 
error rate targeted by the physical layer ARQ. Hence, the feedback channel associated 
with MAC layer ARQ needs to be much more reliable than the feedback channel of the 
physical layer ARQ. The reliability of the physical layer ARQ feedback channel for the 
. last subpaicket may not be sufficient for the purpose of MAC layer ARQ. Therefore, the 
ARQ feedback channel for the last subpacket may have a rate target which effects a 
-lower error/erasure rate than the feedback channel for the other subpackets. The 
following discussion presents a way to enhance the reliability of the last NAK message, 
in the context of a IxEV-DO system. 

[0088] The feedback channel associated with IxEV-DO RL is transmitted as a part of 

the llxEV-DO Forward Link. The data channel, the pilot channel and the Feedback 
channel (also known as MAC channel) are time multiplexed into the IxEV-DO forward 
link waveform. 

[0089] The structure of the Forward Link waveform is based on the notion of half slots. 

In one embodiment, a half-slot refers to a time duration of 0.8333 msec, which contains 
1024 chips (at a rate of 1.2288 Mcps). In each half slot, the pilot channel is transmitted 
in a burst of 96 chips. The feedback channel is transmitted in two bursts of 64 chips, 
one on each side of the pilot burst. The data channel is transmitted in two bursts of 800 
chips, filling up the remaining space in the half-slot. 
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[0090] The pilot channel is used by the receiver for channel estimation. The feedback 

channel is decomposed into a Reverse Power Control (RPC) subchannel the ARQ 
channel. The RPC channel is used to carry power control commands (including busy 
bits), while the ARQ channel is used to carry the physical layer ACK/NAK messages 
from the base station (destination of reverse link packets) to the user terminals (source 
of reverse link packets). The total energy available in the feedback channel is shared 
between the power control commands and physical-layer ACK/NAK messages. 

[0091] FIG. 16 illustrates a base station transceiver supporting one embodiment of the 

present invention. The base station 3000 includes a receiver3002 and transmitter 3006 
for communication with mobile stations within a wireless communicatibn system. The 
base station 3000 further includes a DRC application unit 3004 for receiving a DRC 
data rate request from each mobile station supporting High Rate Packet Data 
communications, a NAK/ACK processing unit 3010 for receiving acknowledgement 
messages from a mobile station supporting an automatic repeat transmission technique, 
such as ARQ or hybrid ARQ, and a power boost unit 3012 for applying the power boost 
factor to transmissions of subpackets. The base station 3000 further includes a packet 
processing unit 3014. 

[0092] The base station 3000 receives data for transmission to a mobile station, wherein 

the data is to be transmitted in packets. The packet processing unit 3014 prepares the 
data into packets and subpackets for transmission. The packet processing unit 3014 
performs the MAC layer processing. The packet processing unit 3014 generates the 
subpackets for processing, including the systematic bits and parity bits. The power 
boost unit 3012 determines the number of installments for application of the power 
boosting, and generates, stores and applies the power boost factors. In one embodiment, 
the power boost factors are dynamically adjusted, wherein the adjustment may be based 
on performance of a given communication with a given mobile station. 

[0093] The NAK/ACK processing unit 3010 receives the NAK and/or ACK messages 

from the mobile stations. On receipt of a negative acknowledge message or NAK, the 
NAK/ACK processing unit 3010 initiates a retransmission of the subpacket. In an 
automatic retransmission scheme, once the total number of allowable retransmissions 
expires (i.e., all retransmissions have been transmitted), any NAK received results in 
higher layer processing of the subpacket, such as by the MAC layer. According to one 
embodiment of the present invention, when the number of power boost installments 
expires (i.e., all power boost installments have been transmitted), any NAK received 
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results in termination of transmission of that subpacket, and processing passes to a 
higher layer. 

[0094] FIG. 17 illustrates the channel structure of the including data channel, pilot 

channel, and feedback channel. The half slot is illustrated as 1024 chips. Each halfslot 
includes a pilot portion of 96 chips and two feedback channel portions of 64 chips each. 
[0095] The feedback channel is used to receive feedback information simultaneously 

with multiple user terminals, each of which being identified by a user index (MAC 
index). The feedback channel is designed to support close to 64 users, each with a 
unique user index between 0 and 63. Associated with each user index i is a Walsh 
function Wi. The Walsh functions are binary-valued, periodic, discrete-time sequences, 
with the following two key properties: 

L If n is the smallest integer such that i < 2", then the fundamental period of the 

Walsh function Wi is equal to 2". 
2. If i and j are distinct non-negative integers, both less than 2" then the Walsh 
functions W, and Wj are mutually orthogonal oyer a period of length 2 raised to 
then. 

[0096] FIG. 18 illustrates the ACK/NAK on the feedback channel, wherein user i is 

identified by the Walsh index Wj. The power control ACK/NAK signal for the MAC 
layer is illustrated. 

[0097] The following describes a method for increasing the accuracy of the last 

transmitted ACK/NAK on the feedback channel, wherein the power control commands 
and physical-layer ACK/NAK commands are transmitted simultaneously to multiple 
users. FIG. 19 illustrates application according to one embodiment. The power control 
command to a user terminal is a sequence of UP/DOWN commands. The UP/DOWN 
commands are sent to a terminal having user index /, by transmitting the complex- 
valued signal ( (±1) + j 0) W| over a duration of multiple half slots (multiple of 128 
chips). The ACK/NAK commands are sent to the terminal with user index / by 
transmitting the complex-valued signal (0 ± j 1) over an integral number of half- 
slots. 

[0098] Since i is greater than or equal to 0 and less than 64, the above scheme ensures 

that the feedback channels (RFC and ARQ channels) of distinct users are mutually 
orthogonal, within each 64-chip burst of the feedback channel. In addition, the RFC 
and ARQ channels of the same user are also mutually orthogonal, over the same 
duration. 
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[0099] Successive power control commands and successive ARQ commands are sent 

sequentially, so that successive symbols do not overlap in time. In the current scheme, 
the physical layer ACK/NAK message is transmitted over the same duration as the 
physical layer subpackets (4 slots). Moreover, the ACK/NAK message is transmitted at 
a fixed time offset relative to the associated sub-packet. This ensures that successive 
ACK/NAK messages, as well as successive power control commands, are mutually 
orthogonal. Alternate embodiment may provide the messages at alternate timing 
consistent with the needs and goals of a given system. 

[00100] One embodiment improves the reliability of the physical-layer ACK/NAK 

messages by slowing down the power control rate. In this way each power control 
command is sent over a longer duration of time, but at lower power such that the energy 
in each power control bit is the same. The resulting power savings may be used to 
boost-up the power allocated to the ACK/NAK messages on the ARQ channel. This 
approach reduces the effectiveness of power control, while improving the effectiveness 
of hybrid ARQ. A well-designed system maximizes the overall link performance 
through an optinrial tradeoff between RFC and ARQ reliability. 

[00101] Another embodiment seeks to. improve the reliability of the ARQ channel, 

without impacting power control by noting that the first few subpackets mostly result in 
physical-layer NAK messages, while the last few subpackets mostly result in a physical- 
layer ACK message. A few subpackets in the middle may generate a reasonable mix of 
both ACK/NAK messages. Hence, we may use ON-OFF keying in response to the first 
few and last few subpackets, while employing an antipodal signaling in response to the 
■ subpackets in the middle. 

[00102] More explicitly, the physical-layer ACK and NAK messages for subpackets in 

the middle (subpacket index in the range [Kl, N minus K2]) are transmitted with equal 
power relative to each other. In contrast, the NAK message of the first few subpackets 
(subpacket index in the range [7, Kl)) may be sent with much less power than the ACK 
message for the same subpackets. Note according to one embodiment, the NAK 
message of the first few subpackets may be allocated zero power. Similarly, the ACK 
message of the first few subpackets (subpacket index in the range [1, Kl) ) may be sent 
with much less power than the NAK message for the same subpackets. Note according 
to one embodiment, the ACK message may be allocated zero power. If one of the 
messages is sent with zero power and the other sent with more than twice the power, 
relative to the power used for ACK/NAK associated with intermediate subpackets, the 



03O168U1 ' ' 32 

EV339074339US 

system may improve the reliability of the first few and/or last few ARQ messages while 
using the same average power as before. Alternatively, we may support a larger number 
of ARQ channels at the same reliability, using the same average power as before. 

Robust ACK/NAK Message 
[00103] As mentioned hereinabove, the last NAK message needs to be much more 

reliable than other messages. The following technique provides a way to further 
improve the reliability of this message. The method prolongs the transmit duration of 
the ACK/NAK message, while maintaining orthogonality with the neighboring 
ACK/NAK messages. Given a nominal transmit duration of an ACK/NAK message to 
be K half-slots, one embodiment transmits a "robust ACK/NAK" message over a 
duration of up to 3K. For a NAK message sent over multiple half slots, a different 
Walsh code or portion of a Walsh code is transmitted in each half slot. The robust NAK 
message may be sent by transmitting the signal (0 ± j 1) Wi over the first K half-slots, 
the signal (0 ± j 1) W(64+i) over the next K half-slots, and the signal ( (± 1) + j 0) 
W(64+i) over the next K half-slots. 
, [00104] Within each half-slot, the "robust ACK/NAK'* messages remain orthogonal to 

one another, as well as to the standard ACK/NAK messages, even though different 
messages may overlap in time. Note also that within a half-slot, the feedback channel is 
transmitted within a space of (128 plus 96) or 224 chips (0.183 msec), an order 
magnitude less than the coherence time of most wireless channels. Therefore, 
: orthogonality is maintained without regard to channel variations due to fading, 
shadowing, etc. 

[00105] FIG. 18 illustrates one application of the robust ACK/NAK message. As 

illustrated, a first packet is transmitted in four subpackets, wherein the first packet is 
labeled "PCKT 1" and the subpackets: 1.1; 1.2; 1,3; and 1.4. The NAK for the 
subpacket 1.4 is given in two portions, the first portion is identified as the 1^^ MAC 
NAK for 1.4, and the second portion is identified as the 2""^ MAC NAK for 1.4. The 1'^ 

MAC NAK for 1.4 is given by the code , and the 2""* MAC NAK for 1.4 is 

given by the code - + - + -+. The 2^^ MAC NAK for 1.4 is transmitted concurrently 
with the 1^' MAC NAK for the first subpacket of the next packet, specifically subpacket 
2.1 of PCKT 2. 

[00106] By using this technique, it is possible to reduce the power used on the "robust 

ACK/NAK" message by a factor of 3, without degrading performance. Alternatively, 
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the reliability of these messages may be improved considerably (especially in fading 
channels), using the same amount of power allocated to the standard ACK/NAK 
messages. This technique may be used in conjunction to the ON-OFF signaling 
technique, wherein the last ACK message is sent with very little or no power, resulting 
in reduced average power consumption for the last ARQ message, over a large number 
of users. 

[00107] Those of skill in the art would understand that information and signals may be 

represented using any of a variety of different technologies and techniques. For^ 
example, data, instructions, comLmands, information, signals, bits, symbols, and chips 
that may be referenced throughout the above description may be represented by 
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or 
particles, or any combination thereof. 

Reverse Rate Indicator 

[00108]. Presented herein is a Reverse Rate Indicator (RRI) detection scheme and 

apparatus for application to a Reverse Link (RL) physical layer, wherein the detection 
scheme decodes the RRI for a new incoming packet using the knowledge of Forward 
Link (FL) ARQ information from a given base station. As defined in IS-856, the RRI 
is transmitted on the Reverse Traffic MAC Reverse Rate Indicator (RRI) Channel, 
which is the portion of the Reverse Traffic Channel that indicates the rate of the Reverse 
Traffic Data Channel. For the Reverse Traffic Channel that supports ARQ, the encoded 
RRI Channel symbols are code-division multiplexed with the Pilot Channel. 

[00109] As illustrated in FIG. 20, a packet of data may be divided into a number of 

subpackets. In the present embodiment, a packet of data includes 16 slots, which is then 
grouped into subpackets each containing 4 slots. The RRI provides information as to 
the data rate at which the packet is transmitted. When the subpackets are transmitted 
sequentially together, it may be sufficient for the RRI to provide payload information. 
Each payload is indicated by bit length, wherein the payload bit length is associated 
with a known data rate. Smaller payloads may be transmitted using fewer bits, and thus 
at an effective lower data rate. Larger payloads may be transmitted using more bits, and 
thus at an effective higher data rate. When the packet is not received correctly, the 
entire packet is retransmitted. In this situation, the payload information may be 
sufficient information to decode a given packet; however, when transmission applies 
incremental redundancy, the receiver will require more information in order to decode 
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and reconstruct the packet correctly. Incremental redundancy allows each subpacket to 
be retransmitted individually if that subpacket was not correctly received. 

[00110] According to an incremental redundancy scheme, each subpacket is transmitted until 
the transmission of the subpacket is confirmed. In other words, a subpacket is 
transmitted, and if a negative acknowledgment is received, the subpacket is 
retransmitted. While there is a maximum allowable number of retransmissions defined, 
within a packet of data, each subpacket may be retransmitted a different number of 
times. The entire packet is not retransmitted, but rather each subpacket is treated 
individually. In this situation, the receiver requires information to reconstruct the 
packet given each individual packet. In other words, the receiver needs to identify 
individual subpackets within a packet. 

[00111] An example of incremental redundancy is illustrated in FIG. 21. Here a packet 

of data includes subpackets A, B, C and D. Here the subpacket A is transmitted 
multiple times, each identified by an index (1), (2), etc. Note that each of the 
subpackets A, B, C, and D may be transmitted and retransmitted differently. 

[00112] In one embodiment provided as an example, the RRI channel supports interlaced 

RL data packet transmission. The RRI is used to indicate the presence or absence of 
data, the corresponding data rate and the instance of subgroup transmission of data 
packet. In other words, the RL supports incremental redundancy in transmissions of 
subpackets, and the RRI then indicates the data rate, as well as identifies the specific 
subpacket within a packet. For a given packet, an interlace includes all of the subpacket 
transmissions and retransmissions for a given subpacket. 

[00113] In this example, to optimize the decoding complexity versus performance trade 

off, the RRI is based on the Walsh code family. The number of information bits each 
RRI codeword carries, N j^j^ , is designed to satisfy the following condition: 

2^'"^>iV^,xiV,,^^, (2) 

wherein N^^^^ is the total number of available data rates (including the null rate) and 

^ group is ^he maximum number of subgroups that a packet may be broken into during 

transmission. For decoding performance considerations, this example uses bi- 
orthogonal Walsh codes, so as to slightly reduce the increase in the number of 
minimum-distance neighbors to any codeword while we double the codeword space. 
[00114] In one embodiment, RRI decoding may be based on the maximum-likelihood 

criterion by assuming all RRI codewords are transmitted with equal probability. The 
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calculation then reduces to the minimum distance decoding defined by the following 
equation: 



wherein g indicates the index of the corresponding subgroup transmission of the data 



as the current received RRI codeword). 
[00115] While provision of the subpacket identifier or index in the RRI is sufficient 

information for decoding the packet, there is still great decoding complexity as the 
. receiver must first decode the RRI. The receiver determines a number of hypotheses to 
; try in order to decode the RRI. The number of hypotheses considers the number of 
, available data rates, Nrate^ and the number of allowable retransmissions per packet 
Ngroup- Each set of subpackets associated with a packet is referred to as a subframe. 
Ngroup subframes from the same physical-layer packet form a frame. Note that the 
number of subpackets per packet may also be variable. With reference to Equ. (2), the 
total number of hypotheses, is equal to (N^^^^ ^ Ngroup)- I" other words, the receiver 

must try all of the possibilities (i.e., hypotheses) to retrieve the RRI information. This 
number may be quite large given the interlaced RL ARQ structure. In addition, the 
minimum decoding distances is always 1 subframe, even when there are more than 1 
subpackets per packet. This could potentially hurt the decoding performance under 
fading channels due to the lack of time-diversity. 
[00116] In one embodiment, to reduce the RRI decoding complexity and improve the 

minimum decoding distance (and hence the performance) the Base Station (BS) RRI 
decoder utilizes previous packet decoding results for the current interlace to reduce the 
number of hypothesizes to be tested. In particular, the BS may assume that a NAK 
signal to the AT is absolutely reliable. For example, in a 4-slot RL structure as shown 
in FIG. 21, if the BS has not succeeded in decoding the 1^' subgroup transmission of a 
data packet of rate /, the BS expects further transmissions of this subpacket. In other 
words, if subpacket A is received but decoded incorrectly, the BS expects further 




(3) 



packet; / denotes the data rate of the packet; (r^. ).. represents the RRI codeword for the 

fih subgroup transmission of a data packet of rate and (Rj^) is the current received 
RRI codeword corresponding to the current subgroup transmission of data packet (thus 
(Rj^.^.) represents the j'th-group earlier received RRI codeword for the same interlace 
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retransmissions of subpacket A. On accurate decode, the BS sends an ACK to the 
mobile station for this subpacket. In this situation, on receipt of the next RRI codeword 
of the same interlace, ie., subpacket A, the BS may limit the hypotheses for the 2"^ 
subgroup to those of the same data rate In this way, the BS is able to ignore 
hypotheses for different rates. By using such information regarding prior interlace 
transmissions, the decoding complexity is greatly reduced. Specifically, the receiver is 
able to use historical information to make smart decisions for decoding a next received 
RRI. A further reduction in decoding complexity results from the observation that BS 
may start detection from the most recent ACK'ed subpacket, as any RRI information 
prior to this instance does not provide sufficient helpful information for packet decode. 
For example, if the AT has just sent subpacket 3 of packet A and this has been decoded 
successfully, the BS will send an ACK to the AT and then start RRI hypothesis testing 
from the following subframe. This also allows the receiver to reduce significant 
' complexity in the detection process. 
[00117] In one embodiment, the codeword includes a first portion designating the data 

rate inforination, and a second portion designating subpacket index information. The 
RRI codeword is transmitted on the RL as described hereinabove. Each data rate then 
has an asisociated RRI symbol. The RRI symbol is then expanded to an RRI codeword 
for transniission. 

[00118] There is a one to one correspondence between payload size and data rate. As 

' RRIWord (i, j) = (-1)' W8Lt/2>> 

illustrated in FIG. 23, each payload has an associated payload ID. Physical Layer (PL) 
sub-packet (e.g., 4-slot subpacket). The RRI codeword provides information to the 
receiver regarding the payload information of the long packet to which the sub-packet 
belongs, as well as providing the sub-packet index. FIG. 23 assigns a payload ID to 
each of the different types of PL packet payload sizes. In the present embodiment, each 
RRI codeword contains 6 bits of information. Four bits encode the payload ID, and the 
remaining two bits encode the sub-packet index (i.e. 0, 1, 2, or 3). The RRIs are 
encoded overall using 32-ary bi-orthogonal codes. For the i^^ payload ID and 
subpacket index, the RRI is encoded as: 

RRIWord(iJ) = (~iyW,^,,,i,j (4) 

where Wj^ denotes the jth length-N Walsh sequence. 
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[00119] An RRI detection algorithm is used at the receiver, e.g., BS, to decode the RRI. 

As the RRI transmission parameters change from packet to packet, and this information 
is not provided a priori to the receiver, it is incumbent upon the receiver to determine 
how to decode the RRI. As described above, one method may be considered brute 
force, wherein the receiver tries all possible data rates for decoding the RRI. The 
decoding is complicated further by the application of incremental redundancy. When 
the RRI is transmitted as a packet composed of multiple subpackets, each subpacket is 
considered in decoding the RRI information. Therefore, the index or identification of 
the subpacket is significant in decoding the whole packet. Thus, the exhaustive set of 
possible hypotheses includes all combinations of: (i) available data rate; and (ii) each 
possible subpacket within the packet. In one embodiment, 12 data rates are available 
and 4 slots are assigned per packet, resulting in 48 possible combinations, including the 
null data rate. Note, each diata rate corresponds to a payload. While it is possible to 
decode each subpacket independently, doing loses the advantage of being able to soft- 
combine the data across the subpackets to provide greater time-diversity and 
redundancy to combat adverse channel conditions. Hence, it is desirable to detect both 
data as well as RRI of a given packet by looking at all possible subpackets that have 
been sent so far. In one embodiment, an RRI detection algorithm performs sequence 
detection, wherein the decoding is performed over a window of RRI transmission 
subframeis. Sequential detection multiplies the decoding complexity, i.e., the number of 
hypotheses, significantly. For a system having 4 subpackets per packet with 12 
available data rates, and a resultant 48 possible hypotheses, consideration of 2 
. subpackets will result in (48x48) possible hypotheses. In other words, as each 
subpacket is considered with respect to each of the 48 hypotheses. Consideration of 4 
slots results in (48x48x48x48) possible hypotheses. Therefore, design of a sequential 
detection algorithm seeks to: (i) minimize the number of possible hypotheses; and (ii) 
maximize the minimum decoding distances between these hypotheses. Without 
optimization, sequential detection carried out over 16-slot detections for all possible 
payload and subpacket ID combinations over a given interlace, may result in 4100625 
hypotheses, given a minimum-distance of 4-slots. Thus the need for a more efficient 
decoding algorithm or enhancement to sequential detection to reduce the number of 
hypotheses. 

[00120] Even though such RRI complications are caused naturally by the physical-layer 

hybrid ARQ structure, this structure turns out to help us as well. For forward link ARQ 
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channel detection at the mobile station, generally the false alarm rate, i.e., interpreting a 
NAK signal as an ACK, is limited so as to be extremely low (about 0.1%). For 
example, this may be ensured via an erasure decoder when the subpacket ID is less than 
3. Therefore, it is assumes that a NAK for a given subpacket, will be correctly 
interpreted by the mobile station. For example, if the mobile station sends a packet with 
payload ID 3 and subpacket ID 1, and the BS sends a NAK for this subpacket, the BS 
assumes that the only possible transmission at the next instance will be the same packet 
with subpacket ID 2. With this assumption, and several other common sense rules, we 
can now significantly improve the RRI detection performance and complexity. In this 
way, the detection algorithm determines those hypotheses which is not possible given 
the history of transmissions received. Typically, for a subpacket received after receipt 
of an ACK, the BS tries the full set of all possible hypotheses. However, for a NAK, 
which is more reliable thain an ACK and received much often, a reduced set of 
hypotheses is possible. 

[00121] FIG. 25 illustrates an RRI transmission over time. For clarity, each subframe is 

illustrated with a transmission index identifying the frame. The pair (x,y) denotes the 
RRI word with payload ID x and subpacket ID y. A subframe denotes the 4-slot 
duration of a subpacket, wherein (x[n],y[n]) denotes the received RRI word during the 
nth subframe. With reference to FIG. 25, the RRI sequence detection starts at subframe 
. n, just after the BS has sent a most recent ACK for subframe (n-3). Then, for the RRI 
sequence that spans subframes n, n+3, n+6 ... n+3N, where n+3N denotes the current 
subpacket, the BS checks for valid hypotheses with respect to RRI sequences that obey 
the following RRI detection Rules. 
RRI Detection Rules 
Let m=n+3i for i=0,I,2,...N, then: 

Rule 1: If y[m]=y[m-3]+l, then x[m]=x[m-3]. 

Rule 2: If x[m-3]=0, then y[m]=0. 

Rule 3: If x[m~3]>0 and m>n, then y[m]=: (y[m-3]+I) mod 4. 

Rule 4: If x[m-3]>0 and m=n, then y[m]= (y[m-3]+l) mod 4 or 0. 
[00122] Note that the detection process may last for a long time if the mobile does not 

have data to send, as the BS awaits an accumulation of instances. To conserve system 
memory, one embodiment confines the trace back length (as measured in number of 
subframes) to at most 3 subframes, since a given packet can contain at most 4 
subpackets. This leads to the assumption that a new subpacket arrives on a given 
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interlace at subframe n, wherein the most recent ACK occurs later than subframe (n- 
3M). For M<4, RRI sequence detection begins at subframe (n-3(M-l)) by applying 
detection rules 1 through 4. For M=4 or higher, RRI detection beings at subframe (n-9) 
by apply rules 1 through 3 only. FIG. 26 illustrates the possible RRI detection scenarios 
and hypotheses given these rules. Here the number of possible hypotheses has been 
effectively limited. 

[00123] For implementation of such an RRI detection scheme in hardware, the design 

applies a systematic structure: For a given mobile station in the previously defined 
embodiment having multiple available data rates and 4 subpackets per packet, at any 
given instance, there may be 45 possible hypotheses (states) for a received RRI word at 
a current subframe. Let (x,y) denote the state corresponding to the hypothesis that the 
current received RRI word has payload ED x and subpacket ED y. For each state (x,y) at 
. subframe n, maintain four metrics M(x,y)j[nJ for i=0, 1, 2,and 3. These metrics may be 
generated as follows: 



wherein Corr(RRIword(x,y), RxRRIfn]) denotes correlation between the received RRI 
'Symbols and the RRI word corresponding to state (x,y), and A(x,y,ARQfn-3J)^ a set that 
depends on (x,y) and ARQ[n-3] (ACK or NAK for the previous subframe) and consists 
of all possible collections of (x',y') for jc' = 0,1,.. ..,11 and y'=0,l,2,3 that satisfy the 
following rules. 

Rule 5: If y>0, then x'=x and y'=y-l; 

Rule 6: If y=0 and ARQ[n~3] = NAK, then y'=3 if x'>0 and y'=0 if x'=0. 

[00124] To compare the likelihood of different hypotheses, we use a final metric for each 

state. At the given time and state, this metric depends on when the most recent ACK 
was sent. For RRI detection of subframe n, wherein the last ACK was sent at subframe 
n-3*l, if (/ < 4), the final metric for hypothesis (x,y) will be M(x,y)i,i[n] . If / exceeds 4 
(i.e., the ACK occurs more than 4 subframes ago), the final metric for state (x,y) will be 
M(x,y)3[n]. 

[00125] In addition, upon sending an ACK for the current subpacket at subframe n, the 

system resets the metrics for all states. For a state corresponding to a correct hypothesis 
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(determined by a transmitted ACK), the BS maintains current metric values. For all 
other states, the BS resets parameters to negative infinity (or the absolute minimum 
value). This assures that in operation, the RRI detection process is conditioned on 
historical information. In the subframe following the subpacket corresponding to the 
transmitted ACK, the BS turns on an ACK switch for this instance so that the states 
corresponding to subpacket ID 0 are connected with all states from the previous 
subframe. 

[00126] In an HRPD system, the access terminal sends an RRI signal to the access 

network indicating the payload, data rate, and subpacket index. All of this information 
may be used in an RRI detection scheme. Such information identifies the subpacket 
within a packet allowing the receiver to reconstruct the packet, as systems desire a 
variable packet structure. While described embodiments consider a packet having four 
subpackets, altemate systems may employ any number of subpackets per packet while 
applying the concepts described herein. 

[00127] From the access terminal an RRI codeword is associated with each physical 

layer subpacket. RRI codeword provides information to the receiver regarding payload 
information of the long packet to which the subpacket belongs. Additionally, the RRI 
codeword identifies the subpacket identifier. In one embodiment, an RRI codeword 
including a data rate information portion and a subpacket index portion. The makeup of 
the RRI codeword is then detailed in the table, . wherein each available data rate is 
. provided in kbps and is mapped to the corresponding RRI symbol and codeword. 

[00128] FIG. 22 provides a table of RL Physical Layer Packer Parameters which are used 

to map payload identifiers (ID) to each of the physical layer payload sizes, wherein the 
payload sizes are given in bit length. According to one embodiments, each RRI 
codeword includes 6 bits of information. Four bits used to encode payload ED (i.e., data 
rate information as there is a one-to-one mapping of payload to data rate) with 
remaining 2 to encode the subpacket index. The RRI is then encoded using a 32-ary bi- 
orthogonal code. The ith payload ID and the jth subpacket index result in an RRI 
encoded as: (-lyWalsh^.f^^j . 

[00129] FIG. 23 illustrates data rates mapped to data channel gain, wherein the gain is 

given in dB. The RRI may include the data rate information as the payload 
information. For a given data rate, an RRI symbol is applied. Additionally, each RRI 
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symbol corresponds to an RRI codeword. In one embodiment, the RRI symbol includes 
3 bits, and the RRI codeword includes 7 bits. 

[00130] As a specific example of an embodiment of the present invention, the mobile 

station may employ any of 11 data rates for transmission of the RRI. The data rates are 
given as x=0,l,2,...,10, wherein x=0 corresponds to the null set. For a fixed ratio of 
payload to parity, the resulting subpacket size will vary. In this way, the RRI may be 
any one of 12 different data rates. As there are 4 potential subpackets within a given 
packet, there are therefore 48 possibilities of combinations thereof. Keeping in mind 
the one-to-one mapping of payload size to data rate, indicates the subpacket size incurs 
a different number of retransmissions. 

[00131] At the receiver there is a determination made as to what portion of the packet 

was transmitted. By using historical transmission information and eliminating those 
possibilities which are not valid, the BS is able to decode the RRI with less effort. 
FIG. 24 illustrates transmission of RRI subpackets, wherein the receiver receives the 
subpackets in the order shown. A window is used to determine the specific subpackets 
included in a sequential RRI detection. As illustrated, the window begins at time ti and 
continues to time t2. The window is referred to as the sequential detection window. In 
other words, the method considers all subpackets within the window to determine if the 
decode is successful. 

[00132] The first endpoint of the window is set when the mobile station transmits a first 

subpacket in a packet. For decode purposes, the first packet is evaluated in isolation. 
Subsequently the second subpacket in the sequence (still of the same packet as the first 
subpacket) is received at the receiver. The second subpacket is included in the window, 
wherein the receiver considers the first and second subpackets in determining if the 
decode is accurate. According to the present embodiment, the process continues until 
the window includes all of the subpackets in a packet. Note alternate embodiments may 
include a smaller portion of the packet. At this point, in effect, the receiver is decoding 
the entire packet together. 

[00133] FIG. 25 illustrates a specific example, wherein receipt of an ACK is indicated at 

or before time t3. Again, the window continues to include additional subpackets as they 
are received until a maximum number of subpackets is reached. The receiver is still 
required to determine the parameters, e.g., data rate, for correct decoding at receipt of 
each subpacket. 
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[00134] FIG. 26 illustrates a trellis structure 400 for eliminating hypotheses for decoding 

a subpacket of the RRI transmission. The trellis illustrates each possible situation or 
state of the receiver, wherein each situation provides a starting point and guides the 
path. The first column corresponds to decisions made when a NAK has been received 
for a given subpacket. An entry (a,0) corresponds to a first subpacket in the packet, and 
specifically in response to the transmission of this subpacket, the BS received a NAK. 
Receipt of a NAK typically means there will be a retransmission unless the maximum 
number of retransmissions has been reached. This entry is labeled (a,0). The second 
index refers to the number of retransmissions. The next column corresponds to a next 
sequential situation or state. From the middle state there are many more options for 
traversing a path through the trellis. Note that the trellis indicates that an ACK has been 
. received for the corresponding state. 

[00135] By traversing the trellis using the current situation, the number of detection 

hypotheses may be reduced resulting in quicker processing. Fig. 27 illustrates an RRI 
detection method according to one embodiment. As illustrated, the method 4000 begins 
: on receipt of a subpacket, 4002. The receiver correlates the possible RRI codewords, 
i.e., forms a set of hypotheses, 4004. The receiver updates the metrics for each state. 
The sequence detection window length is determined, 4008. The metrics corresponding 
to each state are evaluated over the sequence detection window. Processing continues 
to select a maximum among the metrics in order to determine which RRI symbol was 
transmitted, 4014. The energy of the RRI symbol is then compared to a threshold value, 
4014. If the energy of the RRI symbol exceeds the threshold, processing continues to 
step 4016 to accept the RRI symbol decision, 4016. If the energy is below or at the 
threshold value, the RRI symbol is rejected at step 4020. At step 4018 the receiver 
determines if the packet was decoded correctly. Once the packet is decoded correctly, 
4018, the process continues to step 4022 to reset the metrics. The ACK switch is then 
set for the next subpacket. 

[00136] As disclosed herein, a base station or other receiver is able to reduce the decode 

burden incurred by implementation of an incremental redundancy scheme and 
allowance of a variety of payloads, data rates, etc. The current state information, as 
well as historical information is used to eliminate any hypotheses that clearly can not 
hold for the next RRI transmission receipt. While described herein as a method for 
detecting RRI information, the present invention is applicable to other systems wherein 
the receiver does not receive information specific and sufficient for correct decoding. 
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When the receiver needs to determine the parameters of decoding, a separate channel is 
used to provide this information. In the present case, the RRI may be retransmitted 
according to a hybrid ARQ format. Alternate redundancy schemes may be applied to 
this and other systems. 

[00137] Those of skill would further appreciate that the various illustrative logical 

blocks, modules, circuits, and algorithm steps described in connection with the 
embodiments disclosed herein may be implemented as electronic hardware, computer 
: software, or combinations of both. To clearly illustrate this interchangeability of 
hardware and software, various illustrative components, blocks, modules, circuits, and 
steps have been described above generally in terms of their functionality. Whether such 
functionality is implemented as hardware or software depends upon the particular 
application and design constraints imposed on the overall system. Skilled artisans may 
implement the described functionality in varying ways for each particular application, 
but such implementation decisions should not be interpreted as causing a departure from 
the scope of the present invention. 

[00138] The various illustrative logical blocks, modules, and circuits described in 

connection with the embodiments disclosed herein may be implemented or performed 
with a general purpose processor, a digital signal processor (DSP), an application 
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other 
programmable logic device, discrete • gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform the functions described 
herein. A general purpose processor may be a microprocessor, but in the alternative, the 
processor may be any conventional processor, controller, microcontroller, or state 
machine. A processor may also be implemented as a combination of computing 
devices, e.g., a combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunction with a DSP core, or any 
other such configuration. 

[00139] The steps of a method or algorithm described in connection with the 

embodiments disclosed herein may be embodied directly in hardware, in a software 
module executed by a processor, or in a combination of the two. A software module 
may reside in RAM memory, flash memory, ROM memory, EPROM memory, 
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other 
form of storage medium known in the art. An exemplary storage medium is coupled to 
the processor such the processor can read information from, and write information to. 
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the storage medium. In the alternative, the storage medium may be integral to the 
processor. The processor and the storage medium may reside in an ASIC. The ASIC 
may reside in a user terminal. In the alternative, the processor and the storage medium 
may reside as discrete components in a user terminal. 
[00140] The previous description of the disclosed embodiments is provided to enable any 

person skilled in the art to make or use the present invention. Various modifications to 
these embodiments will be readily apparent to those skilled in the art, and the generic 
principles defined herein may be applied to other embodiments without departing from 
the spirit or scope of the invention. Thus, the present invention is not intended to be 
limited to the embodiments shown herein but is to be accorded the widest scope 
consistent with the principles and novel features disclosed herein. 



[00141] WHAT IS CLAIMED IS : 



